Visually guided reaching entails multiple coordinate frame transformations between retina-centered target location and body-centered limb location. Reaching errors in optic ataxia (OA) may be caused by disruptions to these transformations. Consistent with this proposal, previous studies report that reaching errors in OA depend primarily on the location of a target relative to the patient's gaze regardless of its location relative to the head or body midline. We attempted to replicate this finding by testing KE, a patient with OA following bilateral parietal and left premotor lesions (as well as significant non-specific white matter disease) on a reaching task that varied the orientation of his head and torso while holding the gaze-relative position of the target constant (always foveated). In contrast to previous reports, we observed that rotating the head or body away from the midline led to decreased reaching accuracy. Further analyses showed that multiple visuomotor transformation steps might have been disrupted in KE. These results suggest that gaze-relative target position is not the sole determinant of reaching errors in all OA patients.
a b s t r a c t
Visually guided reaching entails multiple coordinate frame transformations between retina-centered target location and body-centered limb location. Reaching errors in optic ataxia (OA) may be caused by disruptions to these transformations. Consistent with this proposal, previous studies report that reaching errors in OA depend primarily on the location of a target relative to the patient's gaze regardless of its location relative to the head or body midline. We attempted to replicate this finding by testing KE, a patient with OA following bilateral parietal and left premotor lesions (as well as significant non-specific white matter disease) on a reaching task that varied the orientation of his head and torso while holding the gaze-relative position of the target constant (always foveated). In contrast to previous reports, we observed that rotating the head or body away from the midline led to decreased reaching accuracy. Further analyses showed that multiple visuomotor transformation steps might have been disrupted in KE. These results suggest that gaze-relative target position is not the sole determinant of reaching errors in all OA patients. © 2008 Elsevier Ltd. All rights reserved.
Introduction
A central challenge to understanding the control of visually guided actions is the well-known problem that target information enters the perceptual-motor system specified in gaze-centered coordinates but the movement to reach that target must ultimately be specified in arm-centered coordinates. In order to resolve this so-called visuomotor transformation problem, the perceptualmotor system must combine multiple sources of information to transform information between coordinate frames. For example, gaze-centered target coordinates can be combined with proprioceptive information about where gaze is directed to form a representation of the target location in head-centered coordinates. Such a head-centered representation would be useful to create a stable target representation across saccades. Similar transformations have been proposed to represent target locations in shoulder-centered and hand-centered reference frames. Although it is debated whether the transformation problem is solved by transforming the visual target location into arm-centered coordi- (Batista et al., 2007) areas. Consistent with this claim, large errors are produced during visually guided reaching by patients with optic ataxia (OA), a disorder typically observed after damage to the superior parietal lobe (Buxbaum & Coslett, 1997; Goodale and Westwood, 2004) or the parieto-occipital junction (Karnath and Perenin, 2005) and less frequently with damage to the premotor cortex (Nagaratnam, Grice, & Kalouche, 1998) . In order to better understand this disorder, several studies have explored where within the transformation process disruption occurs by manipulating a target's location relative to the patient's gaze, head, and body position. These studies report that movement endpoint accuracy in patients with OA is primarily dependent on the location of the target relative to the patient's gaze at the time of reaching regardless of where the target was located relative to the head or body (Buxbaum & Coslett, 
